Abstract: To test an economically reasonable method to reduce thermal stress, we performed an alternated intervention-control study on 2 groups of 8 male steel workers performing the same jobs, using 2 l of water at ambient temperature (23.5°C ± 1.4), poured on the head and hands. Each group participated for 2 d as control and 2 d as intervention during 4 consecutive summer days in Brazil, 5 h per shift per day. Testing was done by: 1) recording of temperature by thermistors placed on the external ear canal through earplug, skin (chest, upper arm, inner thigh, outer calf) and clothes; 2) recording of heart rate; and 3) Wet Bulb Globe Temperature recording. The intervention was held hourly, when body weight and water intake were evaluated. Symptoms and subjective sensations were evaluated in the beginning and at the end of each shift. No differences were observed in external ear canal and skin temperatures. Subjective thermal sensation (p=0.018), sweat perception (p=0.043), and tiredness (p=0.028) presented positive statistically significant results when comparing intervention to control measurements. In conclusion, our results could not provide evidence that the proposed method cools the analyzed temperatures, although the subjective evaluation suggests a decrease in the head skin temperature, which could be a useful comfort measure.
Introduction
The actual condition of steel works in developing countries [1] [2] [3] can be compared to those found until the early 1950's in Japan 4) , where the level of automation was low, and a high heat exposure accompanied by an intense physical workload were the daily routine of several employees in the production line. Such problems, solved in about a decade by the Japanese, still linger due to cheap labor and high engineering and automation costs in developing countries, as observed in Bangladesh 3) and The United Arab Emirates 2) . The above statement was also confirmed in the place analyzed by this research. The main objective of this field research was to test an economically reasonable method to reduce the thermal stress suffered by workers. Based on the natural behavior of sportsmen and agriculture workers, we proposed to test the efficacy of a method using non-refrigerated water poured on the hands and head, in order to keep working clothes dry and minimize workplace renovation costs. Previous studies regarding hand cooling methods presented technical differences, such as the usage of negative pressure heat extractors 5, 6) or hand immersion in water [7] [8] [9] [10] [11] . Regarding head cooling 12, 13) , the previous studies were performed in controlled conditions such as climatic chambers, or wearing cooling devices amidst performance comparisons 14) . In a study performed by Crawshaw et al. in 1975 , evidence indicated that the forehead would be one of the most sensitive places in the body to reduce sweat loss through skin cooling 15) . Thus, we hypothesized that the simultaneous washing of hands and head using 2 l of non-refrigerated water would be effective as a cooling method for workers.
Materials and Methods
The subjects were 8 hot plate mill workers divided in two shifts (5:00 h to 13:00 h and 13:00 h to 21:00 h) participating in a 4-d experiment using a crossover intervention-control study design. The subjects were divided into Group 1 and 2, both composed of 4 workers each. Morning and Afternoon shifts had an equal number of group 1 and group 2 subjects. Group 1 started the first 2 d under control measurements and switched to intervention measurements for the last 2 d. Group 2 performed the inverse order as group 1. Assignment to the groups was randomized. All individuals were fit Caucasian males at average 37yr old , working in the same job for more than 3 wk without taking more than 2 consecutive days off work. None of them stated to be under any kind of medication or alcohol influence at work, and all were non-smokers. Medical assistance was readily available, as well as sports drink and juice at will. Constant safety supervision was present and protective equipment was mandatory, including goggles, short sleeved cotton uniform, leather apron from the waist down, hard hat with a full face visor, leather gloves, leather arm protectors, protective footwear and earplugs ( Fig. 1) . At least two meals were offered for every shift (light meal and lunch). A potent individual fan was localized nearby the worksite.
A plate mill worker's job is performed by 2 individuals and consists of the manufacture of metal plates of different thicknesses from a burning metal bar, by passing it through a two-sided mill. Both workers keep passing the plate between each other through the mill as many times as necessary to attain the requested thickness. Plate mill workers are exposed to the radiant heat of the burning metal, from the heat produced by the ovens in the vicinities, and their straining physical work of partially twisting and lifting the plate several times per piece.
All workers were equipped with heart rate sensors (Polar ® S610i, Polar) and thermistors (LT ® 8A, Gram) placed on the chest, upper arm, inner thigh, outer calf, ventral and dorsal external surfaces of the worker's clothing and proximal extremity of the soft foam earplugs (3M ® 1120/37062,3M). The earplug thermistor was inserted trough the earplug's soft foam, emerging 2 mm from the proximal extremity, which was inserted approximately 2.5 cm (± 0.5 cm) into the external ear canal. The late sensor measured the temperature of the air in the cavity between the earplug and the tympanic membrane, which was used as a surrogate for the core temperature. Heart rate, skin temperatures and external ear canal temperatures were digitally recorded once every 10 s.
A Wet Bulb Globe Temperature (WBGT) recorder (WBGT -101, Kyoto Electronics MFG) was placed safely, approximately 70 cm (± 10 cm) away from the worker (Fig.  1 ). The WBGT data was digitally recorded from 6:00 AM to 19:00 PM once every minute. The analysis considered the average of the hours corresponding to the interventions. ANOVA analysis followed by Tukey-Kramer analysis was used to determine significant differences between days.
Body weight and water ingestion were registered 1 to 2 min prior to every water-pouring. Two liters of water for every individual in the intervention group were collected from the tap into plastic bottles and transported to the workplace readily prior to use. Every hour, after measuring the water temperature directly in the bottle by a hand thermistor, the water was poured by a third person in a time length of 1 min (± 5 s) over the head, while using the hands to soak the hair or to spread the water around the head (Fig. 2) . The excess water was allowed to be removed in case of discomfort, although all individuals let the water evaporate from the skin.
Interventions in the morning shifts started at 7:00 h and finished at 12:00 h, and interventions in the afternoon shifts started at 15:00 h and finished at 20:00 h. The interventions were set to comprise the hottest term of the shift and to exclude maintenance activities performed by the workers in the first hours of the morning and the last hours of the afternoon. The average temperature of the water was 23.5°C (± 1.4°C standard deviation). This experiment was held during the summer in the south of Brazil, which is a subtropical area located at latitude 26°50'S, longitude 49°16'W. The local topography is a countryside river valley, which can be very hot during the summer when compared to plane areas at the same latitude.
A subjective questionnaire based on the 2005 American Conference of Governmental Industrial Hygienists (ACGIH) TLVs ® and BEIs ®16) was applied at the be beginning and the end of every work shift to investigate symptoms already experienced or suffered during the experiment days (cramps, orthostatic intolerance, headache, nausea, diarrhoea, tachycardia, fatigue, limb fatigue, dizziness, syncope and convulsion). Using a 40 mm horizontal visual analogue scale 17) , we inquired about the tiredness, subjective thermal sensation, subjective sweat perception and subjective performance at work. With regard to tiredness, subjective thermal sensation and subjective performance at work, the scale ranged from "much better" to "same" to "much worse", respectively located at "-20", "0 mm" and "20 mm". With regard to subjective sweat perception, the scale ranged from "no sweat" to "sweat spots" to "soaking wet", respectively located at "0", "20 mm" and "40 mm".
Work schedule differences were observed in the morning shifts and on the first and fourth day of the experiment, such as breaks, procedures out of the worksite, and maintenance activities. In order to control for those differences in work schedule and environment, such as rain in the fourth day, we decided to exclude the first and last days from our experiment, thus our design changed to an interventioncontrol where all individuals participated as control and intervention groups (crossover) only once. After retrieving the data from the constant temperature measure, we considered a period of 5 min after each intervention in which we could be sure that all individuals were not performing different activities, and we compared the control against intervention measurements from the second and third experiment days of those periods for skin temperatures, external ear canal temperatures, and heart rate, by Repeated Measurement Analysis of Variance (RmANOVA) using the software Statview 5.0 (SAS Institute). The periods considered in the morning shift corresponded to the interventions at 7:00 h, 9:00 h, 10:00 h and 11:00 h. The 8:00 h period was excluded due to a meal break offered at this interval. The periods considered in the afternoon shift correspond to the interventions at 15:00 h, 16:00 h, 17:00 h and 18:00 h. A diagram of the work schedule and interventions is presented in Fig. 3 .
The subjective sensation analysis considered only the second and third days of the experiment in order to control for rain and work schedule differences, as indicated before. The questionnaire data comparison between the control and intervention groups was done by Wilcoxon signed-ranks test using the software Statview 5.0 (SAS Institute). 
Results
The WBGT records revealed similar temperatures for the first 3 d of the experiment. The fourth day presented a mild rain during the day, which reduced the WBGT to an average of 24.8°C. The average for each day from air temperature (Ta), relative humidity (RH), natural wet bulb temperature (Tw), and the globe temperature (Tg) can be observed in Table1. The ANOVA analysis revealed significant differences between days for RH (p<0.0001), Ta (p<0.0014), Tg (p<0.0006), and WBGT (0.0233), but no difference for Tw (0.1903). Tukey-Kramer analysis revealed that the only day presenting significant differences was the 4th day. A maximum Tg of 41.4°C was registered, although the thermistors placed in the frontal area of the working clothes registered temperatures up to 60.0°C in some plate mill workers, denoting a strong radiation heat.
In Fig. 4 , we can observe a small difference in the chest temperature between the intervention and control groups (Fig. 4B) , although, after following RmANOVA, no significant differences between the control and intervention groups were found at any of the skin temperatures ( Fig. 4A-E) , external ear canal temperature (Fig. 4F) , or Heart Rate (Fig. 4G) . Three out of eight individuals were excluded from the heart rate analysis due to recording noise generated by electromagnetic fields in the vicinities of those individuals. Figure 4E represents the mean skin temperature values based on regional weighting according to the percentage of body surface area from upper arm, chest, inner thigh and outer calf, proposed by Ramanathan (1964) 18) :
Mean skin temperature =0.3(arm+chest temperatures)+0.2(thigh+calf temperatures)
The data regarding body weight was not considered, due to the impossibility to control for food intake, as well as feces and urinary volume.
The subjects reported past experience of several symptoms (Cramps: 37.5%; Orthostatic Intolerance Episode 50%; Headache: 75%; Nausea: 12.5%; Diarrhoea: 12.5%; Tachycardia: 25%; Fatigue: 62.5%; Limb Fatigue: 25%; Dizziness: 50%), and during the 2 d evaluated in the experiment, one complaint of limb fatigue was reported. The analysis of the subjective sensations trough Wilcoxon signed-ranks test revealed statistically significant differences between intervention and non-intervention groups for subjective thermal sensation, sweat perception, and tiredness, but no significance for subjective performance at work, as observed in Table 2 .
Discussion
The method was aimed to be of benefit in settings which are not provided with electricity and cooling devices or are in strained economical situations, such as agriculture settings, outdoor sports and developing countries, although the experiment was not able to obtain evidence that the proposed method cools the subjects, regardless of presenting evidence of better comfort at work.
Morning shifts, from 5:00 h to 13:00 h, usually had lower temperatures than the afternoon, and the working hours during the hottest periods of the morning were interrupted by meals or breaks. The second and third day presented the most stable meteorological conditions, and the most regular lifestyle, but still, the number of exclusions was considerably important and probably influenced our results significantly. The exclusions were essential in order to control for interpersonal differences and work schedule.
Although the data does not provide evidence of the cooling of the analyzed sites by the proposed intervention, we assumed a decrease in the head skin temperature, considering the effect observed in the improvement of comfort provided by the following literature: McCaffrey et al. showed significant reduction of the head skin temperature leading to a better thermal sensation 19) ; Armada-da-Silva et al. (2003) and Patterson et al. (1998) presented evidence on the modulation of the thermal sensation through cooling interventions on the face, which was also a directly affected area in our method 12, 20) . An increased body temperature may be an important component of a higher perception of exertion, which is a feature of fatigue during exercise in hot environments 8) . The fatigue perception from our individuals improved significantly, although we could not register any significant improvement in any of the analyzed temperatures.
Literature evidence on the reduction of sweat loss of the forehead by skin cooling 15) could explain our findings with regard to the decrease in sweat loss perception. Technically, we were not able to measure this parameter objectively, due to the intervention based on water pouring on the head and for safety reasons.
More research is needed with a more detailed approach to identify the intrinsic variables and the real efficacy of the method used in this experiment, since the sample was not sufficient. Similar studies with regard to interventions on the head show evidence against direct brain cooling 21, 22) , although the benefits of skin cooling on performance 23) , as well as on fluid loss and thus heat stroke prevention, should be considered.
Alternative cooling techniques with evidence of efficient cooling utilize hand immersion in cold water [7] [8] [9] [10] [11] , although we decided to adopt the most feasible method applicable to developing countries, where refrigeration is not always available.
Research is still scarce in settings such as the ones analyzed in our study [24] [25] [26] [27] , and no other study was found to use the same technique. Moreover, standards such as ISO 7933 (Sweat Required, SWreq) 28) , are frequently unusable and not adapted for tropical and developing countries, which represent the majority of the locations with working conditions under frequent heat exposure.
Conclusion
The findings observed in this experiment do not provide evidence that the cooling method used cools the subjects, possibly due to the small sample size and impossibilities to generalize the results due to the selected subjects, who were highly adapted and trained to the work, although agreement with the literature indicate that the presented method could be used as a comfort measure in hot environments. It is also possible that the proposed method does not affect skin temperatures.
Further research is needed to better evaluate the temperature parameters of similar adapted methods to low technological levels and minimum infra-structure, which is a reality in the work settings most affected by heat exposure. Each value represents the average of 8 individuals.
